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NOTES ON MEALY BUG INJURY ON STRAWBERRY 
AND ITS RESEMBLANCE TO CRINKLE! 


By A. A. HILDEBRAND? 


Abstract 


Mealy bugs, Pseudococcus sp., (or spp.) have been shown to be primarily 
responsible for symptoms which for a number of years have been appearing on 
strawberry plants grown in the greenhouse, and which in certain respects bear 
strong resemblance to those of plants affected with the virus disease, Crinkle. i 
The symptoms of the two troubles show similarity, not only in the occurrence on 
younger leaves of small, circular to irregularly-shaped translucent spots with 
more intensely chlorotic central portions, but also in the unevenly chlorotic 
character and malformation of older leaves and in the ultimate general dwarfing 
of heavily infested plants. 


Introduction 


In the course of investigations of the pathology of the strawberry during 
the past few vears (3, 4, 5) large populations of plants have been kept under 
close observation in the greenhouse. As the studies have progressed, it has 
gradually become possible to recognize the different symptom-pictures 
associated with various troubles, whether of abiotic origin or the result of 
attack by parasitic organisms, infection by virus or infestation by certain 
insect pests. However, the real cause of a particular trouble which has been 
appearing intermittently for several years on greenhouse plants and which, 
tentatively, had been diagnosed as Crinkle, was determined definitely only 
during the past summer. The findings in connection with this particular 
phase of investigation are embodied in the present report. 


Symptomatological Observations 


Symptoms first become apparent on the young leaves of affected plants. 
Such leaves show on their upper surface translucent spots which may be 
circular, ovoid or angular in shape and which, though very small at first, 
usually increase in size with leaf expansion (Fig. 3, Fig. 4, A). The spots 
may occur along a vein or may occupy an intercostal position on the laminae 
of the leaflet. They may be few in number or very numerous, in which case, 
often becoming confluent, they produce a mottling so marked that it resembles 


1 Manuscript received April 1, 1939. 
Contribution No. 586, Botany and Plant Pathology, Science Service, Department of 
Agriculture, Ottawa, Canada. (Continuing the series of the former Division of Botany.) 
Presented by invitation at the meetings of the Entomological Society of Ontario, held at Guelph, 
November 1938. 
, 2 Assistant Plant Pathologist, Dominion Laboratory of Plant Pathology, St. Catharines, 
Ontario. 
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a mosaic (Fig. 3). Many of the translucent spots show a minute, more 
intensely chlorotic central portion, which more usually remains as such but 
occasionally may become reddish- or brownish-discoloured and then necrotic. 
If the chlorotic spots appear on all the young leaves as they are formed 
successively, then up to a certain age all the leaves of an affected plant may 
show the symptoms. As leaves mature, however, the spots tend to become 


Fic. 1. Premier plant showing in addition to mottling, chlorosis, dwarfing and mal- 
formation of leaves, which finally result from heavy, continuous infestation by mealy bugs. 
Fic. 2. Mealy bugs feeding on petiole of leaf of artificially-infested Blakemore plant. 
Fic. 3. Leaves detached from artificially-infested Premier plant, showing mosaic-like 
effect resulting from coalescence of chlorotic areas caused by feeding punctures. 
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indistinct and if, as sometimes happens, they fail to appear on young, later- 
formed leaves, a plant that formerly showed the symptoms may appear 
perfectly healthy and normal again. In plants which have been affected for 
some time, the leaves often show, in addition to the spots, marked dwarfing 
and considerable malformation, accompanied by varying degrees of chlorosis 
(Fig. 1), but such leaves rarely exhibit on their surface any suggestion of 
rugosity or crinkling. Many severely affected plants eventually die. 


Fic. 4. Similarity between symptoms of mealy bug injury and Crinkle. A. Two-month- 
old Fragaria virginiana plant showing symptoms that developed within one month after 
transfer of mealy bugs, the translucent, chlorotic areas being the result of feeding punctures 
made by the insects prior to the leaf’s full expansion from the bud. B. Runner plant potted 
while still attached to mother having Crinkle. Symptoms on first leaves are severe; when well- 
rooted, a leaf (largest) was produced without symptoms, but the youngest leaf showed primary 
symptoms as the plant became pot-bound. (B, After Zeller, Ore. Exp. Sta. Bull. 319). 
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Etiology 


(a) Circumstantial evidence—In the spring and early summer of 1938, 
the number of plants exhibiting the symptoms described above increased 
so greatly that it became imperative to investigate the condition, the more so 
because the trouble, occurring as it did among plants which were being used 
in virus investigations, so complicated the symptom-picture on these plants 
that it became quite impossible to make correct diagnoses. Upon careful 
examination of an affected plant it was found that small colonies of mealy 
bugs were present among the closely imbricated leaf bases, encircling the 
crown near the ground level. The examination of a few additional affected 
plants showed that mealy bugs were also present on them, or that these insects 
had been present, as was indicated by accumulations of “‘skin casts’’ and the 
remains of the white cottony sack in which the insect deposits its eggs. In 
some instances the insects were quite readily observable on leaf petioles or 
flower peduncles, whereas in others they occupied more inconspicuous positions 
among the leaf bases or within the folds of young developing leaves. With 
the discovery of the insects it was recalled that Carter (1, 2) has shown that 
a species of mealy bug, Pseudococcus brevipes, causes a spotting of pineapple 
leaves in Hawaii, illustrations of which (2, pp. 244, 245) suggest a very close 
similarity to the type of injury observed on the strawberry. On June 9, 1938, 
a survey was made of 662 strawberry plants, which at the time constituted 
the total population of plants in the compartment of the greenhouse where 
the trouble was confined. The results are shown in Table I. 


TABLE I 


MEALY BUG INFESTATION IN RELATION TO OCCURRENCE OF MOTTLED FOLIAGE ON 
STRAWBERRY PLANTS IN THE GREENHOUSE 


Mealy bugs 
Condition of Total Present | Absent 
plants 
| No. Per cent | No. | Per cent 
| 3 | | 
Foliage mottled 1200 100 83.3 20 | 16.7 


Healthy 542 | 24 4.5 518 | 95.5 


The high percentage of plants showing mottled leaves with mealy bugs 
present furnished strong circumstantial evidence of a correlation between 
the two. In the course of the examination it was noted that although indi- 
vidual plants showing mottled foliage might be found scattered among healthy 
ones, nevertheless, the majority of affected plants occurred in groups. It 
appeared as though certain more severely affected plants in these groups 
might have been the original source from which the insects spread to sur- 
rounding plants. 
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(b) Experimental proof—There were available in June, 1938, in another 
compartment of the greenhouse, young, healthy plants of the commercial 
varieties, Premier and Blakemore, and of the wild species Fragaria virginiana. 
Mealy bugs* were transferred to each of 20 plants in a group comprising 
8 Blakemore, 8 Premier, and 6 F. virginiana, by brushing the insects from 
an infested leaf or flower stalk held above the healthy plant. It was noted 
that when the insects happened to alight on the upper surface of a leaf, they 
crawled immediately to the juncture of the leaflets with the petiole, where 
some of them remained, while others migrated down the petiole and were 
lost from sight among the leaf bases and young leaves emerging from the 
crown. Later, the insects reappeared and were observed along the petioles, 
where they fed in large numbers (Fig. 2). On all 20 plants to which the 
insects had been transferred, typical symptoms appeared, but only on the 
very young leaves that unfolded aftes the transfer had been made. On 
none of these plants did the translucent spots ever appear on the laminae of 
the older, fully-expanded leaflets. Symptoms were observed as early as four 
days after the transfer of insects. The two commercial varieties and the 
wild species were apparently equally susceptible to infestation. It was 
found that the time required for the symptoms to appear depended on the 
developmental stage of the young leaves. If a leaf were ready to unfold within 
a few days after the transfer, the symptoms became apparent sooner on that 
leaf than on others that unfolded later. 

All of 10 check plants to which no insects had been added, and which were 
segregated in another part of the greenhouse, remained healthy. 

On July 15, the 20 plants on which the symptoms had developed were 
divided into two equal groups, each comprising 4 Blakemore, 4 Premier and 
2 F. virginiana. In one group the mealy bugs were left to feed and multiply. 
The other group of plants, after fumigation with Cyanogas, were syringed 
with water under pressure until they were free from the insects. Towards 
the end of August, the plants comprising the latter group showed no evidence 
of symptoms and could be regarded only as normal, healthy plants. In the 
untreated group, however, two plants were dead and the remaining eight 
showed not only the mottled foliage, but also the dwarfing and chlorosis that 
follow continuous, heavy infestation. 

Although the above experiments had proved almost conclusively that mealy 
bugs were the cause of the particular trouble under investigation, the question 
still remained unanswered as to whether the translucent spots on the leaves 
resulted directly from injury caused by feeding punctures or indirectly from 
systemic infection following injection into the plant of some toxic or other 
principle during the feeding process. Carter (1) found that following only a 
short period of feeding by Pseudococcus brevipes on the pineapple, there is a 
rapid diffusion of a toxic principle, which in approximately two months gives 
rise to a wilt that involves part or all of a plant. In an attempt to find if some 
similar phenomenon might be associated with the feeding of mealy bugs on 


* No attempt has been made to identify the insects beyond the genus and it is possible that more 
than one species may have been involved in the transfers. 
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the strawberry, a second series of experiments was carried out in which the 
feeding of the insects was more precisely restricted than in the first experiment. 
By means of Van Tieghem cells, mealy bugs were confined to limited areas 
on the upper and lower surface of leaflets varying in age from very young to 
those fully mature. In other cases, the feeding of the insects was restricted 
to petioles alone. It was found that even though large numbers of insects 
might feed on the petiole of a leaf, mottling never appeared on the laminae 
of that leaf, thus proving that the translucent spots are not the result of 
systemic infection. Spots appeared only in those cases in which the insects 
had been confined to the under surface of recently unfolded leaves. These 
findings, together with the fact that during the whole period of investigation 
insects have never been observed feeding on the laminae of older leaves, 
indicate that the translucent spots are directly the result of punctures made 
when the insect is feeding within the folds of the very young leaf. 


Symptoms of Mealy Bug Injury Compared with Those of 
Crinkle 


As briefly intimated in the introductory paragraph, the trouble with which 
the present report is concerned had been diagnosed as Crinkle until the 
discovery of its true cause. Crinkle is a virus disease which has never been 
found in Ontario, but has, nevertheless, world-wide distribution. Its occur- 
rence has been reported ffom the Pacific Northwest States of the United 
States (8, 9), from England (6) and from Australia (7). It is, perhaps, in 
the occurrence of translucent or chlorotic spots on the leaves that the symp- 
toms of the two troubles most closely approach one another and in certain 
cases overlap (Fig. 4, A and B). In both, these chlorotic spots first become 
apparent on young unfolding leaves as extremely localized pin-point areas, 
which enlarge with leaf expansion and produce a stippling in Crinkle; 
whereas in mealy bug injury the effect is rather a mottle or even a mosaic, 
if a number of spots coalesce. In both troubles, minute, more intensely 
chlorotic dots appear in the centre of the chlorotic areas. In mealy bug 
injury these extremely yellowed centres tend to remain as such, but generally 
in Crinkle they turn reddish or purplish and then, drying out, become necrotic. 
A few such instances have been observed in mealy bug injury, but they are 
the exception rather than the rule. As in Crinkle, leaves of plants that have 
been heavily infested with mealy bugs for a considerable time may show most 
uneven chlorosis. In mealy bug injury, clearing of veins, which is often 
characteristic of plants infected with Crinkle, has not been observed. Also 
as in Crinkle, plants heavily infested with the insects lose most of their erect 
growth, the plants presenting a flattened appearance as the result of dwarfing 
of the leaves and shortening of the petioles. Although on heavily infested 
plants the leaves may be variously distorted as to shape, the surface of such 
leaves does not present the crinkled or rugose condition that is an important 
diagnostic symptom of Crinkle. As young affected leaves grow older, they 
may show a mottling so severe as to be almost mistakable for a mosaic, 
yet many such leaves otherwise show no departure from the normal. 


y 
7 
an 
pat 


HILDEBRAND: MEALY BUG INJURY ON STRAWBERRY 211 


Discussion 


Though a careful search was maintained throughout the past growing season, 
no mealy bugs could be found on strawberries growing under outdoor con- 
ditions. As far as the writer is aware, there is no reference to them in the 
literature dealing with insect pests of the strawberry. Obviously they are 
not a factor of economic importance in the production of the crop. From the 
strictly practical viewpoint, little significance attaches to the discovery of 
the insects infesting and injuring plants in the greenhouse, the more so since 
few or no strawberries are grown commercially under glass. But the present 
report is not without significance otherwise. At the present time the pathol- 
ogy of the strawberry is engaging the attention of research workers in 
many different centres. Certain phases of investigation extend over con- 
siderable periods of time and have to be carried out in the greenhouse, with 
the use of large numbers of plants. Mealy bugs are a common greenhouse 
pest. As in the experience of the present writer, an unsuspected infestation 
of experimental plants may result in a composite symptom-picture, confusing 
and misleading enough to result in possible error in diagnosis. This may be 
especially true in the case of plants that show symptoms, but upon which no 
insects can be found at the time of examination. Referring again to Table I, 
it will be noted that no insects were found on 20 of the plants included among 
120 that showed mottled foliage. It is thought that the present report may 
be of some value in aiding workers elsewhere to distinguish, early in their 
investigations, between symptoms that, though almost identical in certain 
respects, are due to entirely different causes. 
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NITRIFICATION UNDER AND AFTER ALFALFA, BROME, 
TIMOTHY, AND WESTERN RYE GRASS 


I. NITROGEN ABSORPTION OF HAY CROPS AND SUCCEEDING 
WHEAT CROPS! 


By R. Newton’, R. S. YounG’, AND J. G. MALLocH* 


Abstract 


The mean annual nitrogen absorption (lb./acre) of hay crops (excluding 
roots and stubble) was: alfalfa, 94.9; timothy, 39.5; western rye, 62.9; brome, 
61.1. For entire hay plants to plow depth, based on sods one and three years 
old, the corresponding figures were: 241.8, 152.2, 137.8, 154.2. For entire 
wheat plants following one-, three-, and five-year-old sods of these hay crops for 
six, four, and two successive years, respectively, the mean values were: 63.4, 
58.6, 56.3, 51.9. These figures are taken to indicate roughly the relative rates 
of soil nitrification under and after the crops in question, except under alfalfa, 
a legume. 

The roots and stubble of the hay plants contained about 71% of the dry 
matter and 68% of the nitrogen of these plants, whereas the wheat roots and 
stubble contained only 19°% of the dry matter and 9% of the nitrogen of these 
plants. 

Preceding crops and seasonal conditions, especially the latter, affected the 
protein content and hardness of the wheat grain. Protein content of grain was 
generally, though not invariably, in the same relative order as indicated rates of 
soil nitrification after the four hay crops. Protein content was related quan- 
titatively to hardness of grain and to loaf volume of bread, but there was no 
evidence of qualitative differences in the protein following the various hay 
crops. 


Introduction 


The rate at which nitrogen is made available by decomposition of crop 
residues is a prime factor in crop sequence effects. The measurement of 
nitrification rates by soil analyses is complicated, in the presence of growing 
crops, by the rapid absorption of available nitrogen by such crops. After 
unsatisfactory attempts to relate the yield and nitrogen content of wheat varie- 
ties grown in different environments, to the nitrate nitrogen found by periodic 
sampling and analysis of the soil, the senior author laid down at Edmonton 
in 1927, in the experimental field of the Department of Field Crops, an experi- 
ment designed to overcome the difficulty by using the wheat plants themselves 


1 Manuscript received May 18, 1939. 

Contribution from the Department of Field Crops, University of Alberta, Edmonton, with 
financial assistance from the National Research Council of Canada. Issued as Paper No. 162 
of the Associate Committee on Grain Research of the National Research Council and the Dominion 
Department of Agriculture. 

2 Formerly Professor of Plant Biochemistry and Head of the Department of Field Crops, 
University of Alberta; now Director, Division of Biology and Agriculture, National Research 
Laboratories, Ottawa. 

3 Formerly Graduate Assistant, Department of Field Crops, University of Alberta; now 
Research Chemist, International Nickel Company of Canada, Limited, Copper Cliff, Ontario. 

4 Formerly Research Assistant, Department of Field Crops, University of Alberta; now 
Cereal Chemist, Division of Biology and Agriculture, National Research Laboratories. 
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as indicators of nitrification rates. Members of the Department of Soils 
co-operated by making parallel soil analyses and counts of various classes of 
soil micro-organisms, in order to have the final picture as complete as possible. 
The experiment was continued eight years, ending with 1934. During this 
period several workers collaborated in the investigation of various aspects to 
be reported now in a series of papers. 


The choice of crops was dictated by their importance in Western agriculture 
and by interests arising out of earlier investigations. The beneficial effects 
of alfalfa (Medicago sativa L.) and other legumes in crop rotations are well 
known. On the other hand, it has frequently been observed that timothy 
(Phleum pratense L.) exerts a depressive effect on a succeeding grain crop, a 
subject discussed in detail by Newton and Ficht (2). The action of brome 
grass (Bromus inermis Leyss.) and western rye grass (Agropyron tenerum 
Vasey) were not as well known, though the information available suggested 
that they fell between the legumes and timothy in this respect. Some results 
bearing on the point are included in the paper just cited. In another experi- 
ment at Edmonton, barley grown the next season after timothy gave plants 
on the average 37 in. tall, yielding 36.8 bu. per acre of grain containing 13.8% 
protein; and after western rye grass, plants 41 in. tall, yielding 46.0 bu. per 
acre, with 15% protein. The crop after western rye grass was thus substan- 
tially larger and richer in nitrogen than after timothy. 


The generally accepted explanation for the depressive influence of timothy 
on succeeding crops is the temporary immobilization of soil nitrates by 
assimilation in the bodies of micro-organisms engaged in the destruction of 
carbonaceous material in the timothy residues, that is, in the roots and 
stubble plowed under when the sod is broken. The wider the C : N ratio 
in crop residues, other things being equal, the greater and more prolonged 
should be the dearth of nitrates available to the succeeding crop. Accordingly, 
the sampling and analysis of crop residues were made a part of the present 
experimental plan. 


The hay crops were seeded June 10 to 21, 1927, without a nurse crop, 
on a block of land that had been summerfallowed the previous season. The 
block was divided into three sub-blocks, each laid out as a Latin square of 
16 plots, each plot 50 by 50 links in size. There being four crops, each occurred 
four times in each sub-block. An excellent, uniform stand was obtained, as 
may be judged by Plate I, a photograph taken on September 2, 1927. 


Sub-block I was broken on July 23, 1928, just after the hay crop was 
removed. The sod was thus a little over one year old. Sub-block II was 
broken at the corresponding time in 1930 and Sub-block III in 1932, these 
sods being approximately three and five years old respectively. In all cases, 
Marquis wheat was planted the season after breaking, and each season there- 
after until 1934. The number of successive wheat crops was-thus six, four 
and two, on Sub-blocks I, II, and ITI, respectively. 
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The following tabular summary of crop sequence will remind the reader 
of the history of the three sub-blocks, in the course of the presentation and 
discussion of results. 


I II III 
1926 Fallow Fallow Fallow 
1927 Seeded Seeded Seeded 
1928 Hay Hay Hay 
1929 Wheat Hay Hay 
1930 Wheat Hay Hay 
1931 Wheat Wheat Hay 
1932 Wheat Wheat Hay 
1933 Wheat Wheat Wheat 
1934 Wheat Wheat Wheat 


Since moisture exercises a dominant influence on both rate of nitrification 
and crop growth, it will be useful to give here also the inches of precipitation 
at Edmonton for the seasons of this experiment. With reference to the wheat 
crops it must be borne in mind that August rainfall has only a limited effect 
on the current season’s growth, while subsequent autumn rainfall must be 
considered wholly in relation to the next season’s crop. May-July rainfall is 
of course especially important. During this period it was substantially in 
defect in 1929 and 1930, and moderately so in 1932. 


| | 
| April | May | June July | August |September| October 

| | 
1926 | 0.32 | 3.61 | 3.25 2.21 4.84 0.98 1.29 
1927 | 0.61 203 | 3.10 4.25 | 0.81 2.79 0.58 
1928 | 0.92 2.14 2.17 4.94 | 1.70 2.14 0.26 
1929 | 1.53 0.65 1.59 0.31 
1930 0.62 1.77 | 2.59 1.88 1.44 | 0.34 0.14 
1931 | 0.45 1.80 | 5.97 3.06 4.20 1.25 0.73 
1932 | 2.03 1.63 | 2.09 3.33 0.52 0.56 1.00 
1933 | 0.72 1.98 3.35 3.70 |, 1.43 0.98 0.51 
1934 | 1.46 2.86 | 4.18 2.97 1.72 | 1.86 1.78 


Unfortunately, an invasion of ‘‘take-all’’ disease caused by Ophiobolus 
graminis, beginning in 1931 and increasing in severity thereafter, ruined the 
western rye plots of Sub-block III and damaged to some extent the wheat 
plots following that grass on Sub-block II, with some injury also to various 
other plots, especially to wheat following alfalfa in 1932 on Sub-block IT. 
This factor contributed to the unavoidable error of the experiment. 


As usually happens in a long continued and rather extensive experiment, 
a number of side issues became the objects of minor investigations, the more 
interesting results of which have been made the subjects of certain papers in 
this series. This first paper is concerned with nitrification as measured by 
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the yield and nitrogen content of the crops and residues, with incidental 
reference to effects on the baking quality of the wheat. The completeness 
of the absorption of available nitrogen by the growing crop will be shown 
in data to be published in Part II of the series. 


Sampling and Analyses 


Yields of both hay and wheat were determined on the crop harvested after 
first trimming the 50-link square plots to 46 links square, in order to minimize 
border effects. On two opposite sides, trimming meant simply removing two 
rows, since the plots were seeded in drills one link apart. 


Samples were taken of each cutting of hay, and of the sods at the time of 
breaking. The wheat crops were sampled with respect to grain, straw, 
stubble, and roots to a depth of 6 in. (plow depth). Each plot was sampled 
individually, in the following quantities: hay, 1000 gm. fresh weight; sods, 
four per plot, each 3 sq. ft. in area and 6 in. deep; straw, 1000 gm. (at threshing) ; 
grain, 2000 gm.; stubble and roots, same as for hay sods. The sods were 
washed out promptly, to avoid fermentation, and roots and stubble carefully 
divided at the crown. Fresh material was dried rapidly in a drier with a 
strong current of air at about 65° C. Samples of vegetative parts were allowed 
to come to air-dry equilibrium, then re-weighed, ground in a Wiley mill and 
re-sampled for final determination of moisture in a vacuum oven at 98° C. and 
of nitrogen by a modified Kjeldahl method. Further analyses of the hay 
residues will be reported in a later paper of this series. The wheat samples 
were milled and baked, with associated tests of grade, weight per bushel, 
protein content and kernel texture. 


In most cases, individual plot samples were carried through the analyses 
separately, to secure an estimate of variability. The residues, however, 
after being dried and weighed, were combined into composite samples for each 
hay crop in each sub-block, and the hay samples themselves were combined 
in this way in certain years, as the variation in nitrogen content of the indi- 
vidual plot samples was small. Wheat stubble and roots were not sampled 
in 1929, and in that season, too, the replicate plot samples of wheat, after the 
recording of individual plot yields, were combined before analysis. 


Yield and Nitrogen Absorption of Hay Crops 


While the main purpose of the experiment was to measure the rate of soil 
nitrification as affected by the hay crop residues, it seems worth while to 
indicate the relative draft on soil nitrogen made by the removal of the hay 
crops, since this may have affected the subsequent growth of the wheat crops 
used as indicators of nitrification. The data covering this point are given in 
Table I and Fig. 1. The order in which the hay crops are listed in Table I 
and later tables is that of the absorption of nitrogen by succeeding wheat 
crops (Table VII and Fig. 1), this being the crucial point of the experiment. 


In the year of seeding, only one cutting of hay was taken from each sub- 
block, and in the year of breaking only one cutting from the particular sub- 
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block concerned. In the dry season of 1929 there was not enough growth of 
timothy to make possible a second cutting of this crop. In 1932 no crop of 
western rye was secured from Sub-block III, the grass having been killed by 
the ‘‘take-all”’ disease. In the remaining cases, two cuttings were made of 
each hay crop each season. The very low yields of timothy in 1929 and 1930 
are due to its susceptibility to drought, these being seasons of sub-normal 
rainfall. The draft upon soil nitrogen made by this crop in those seasons was 
correspondingly small. 


TABLE I 
YIELD AND NITROGEN ABSORPTION OF HAY CROPS 


Hay yield, dry basis, Ib. per acre | Nitrogen absorbed, lb. per acre 
Sub- | ,, | | Nec. 
block | bates Western | | Western | diff 
Alfalfa Timothy | Brome Alfalfa | Timothy | Brome | 
| | rye rye | at 5% 
| 
I 1927 1217 2611 2587 | 2044 43.7 $3.2 68.5 70.9 
1928 4041 4773 | 5825 | 5269 113.4 66.2 85.1 108 .7 
Mean 2629 3692 4206 3656 78.5 59.7 76.8 89.8 | 4.6 
Ir | 1927 1170 2422 2587 1855 42.5 43.7 60.3 65 
1928 6345 5624 7916 7290 155.9 81.6 127.6 132.3 
1929 4112 343 | 2564 1760 116.0 7.0 36.2 0 
1930 2091 319 1666 + 1205 53.0 4.0 24.0 7.0 
Mean 3430 27} 3683 3028 91.8 34.1 62.0 59.8 4.8 
III 1927 1418 2800 2658 1749 53.2 | 55.5 63.8 63.8 
1928 6097 6073 7786 | 7313 150.0 85.0 124.0 126.4 
1929 3840 319 1855 1630 105.0 6.0 55.6 29.2 
1930 3521 496 1453 1146 92.0 6.4 23..% 15.0 
1931 4679 1879 1607 1170 119.0 26.0 25.0 19.0 
1932 3403 2292 - 1134 73.0 19.0 - | 15.0 
Mean* 3911 2313 3072 | 2602 103.8 35.8 58.1 50.7 > 
General mean* 3503 2514 3500 = 2948 94.9 39.5 62.9 61.1 


* Means calculated without 1932 results for Sub-block III, because of failure of western rye. 


Inspection of Table I shows that alfalfa made less growth than the grasses 
in the year of seeding, but thereafter maintained its yield better than the 
grasses, and in general mean yield was equalled only by western rye (neglecting 
1932, when western rye was killed by ‘‘take-all’’). In absorption of nitrogen, 
alfalfa greatly exceeded the grasses in general mean, but its actual draft on 
the soil may well have been less than that of the grasses, owing to its symbiotic 
use of atmospheric nitrogen. Among the grasses the order of both mean 
yield and nitrogen absorption of hay in Sub-blocks IIT and III was western 
rye, brome, timothy. In Sub-block I, timothy slightly surpassed brome in 
vield, but fell significantly below the latter in nitrogen absorption. 


. 
ok 
> 
= 
i 
> 


NEWTON, YOUNG, AND MALLOCH: NITRIFICATION UNDER HAY AND WHEAT 217 


The analyses of variance of nitrogen absorbed by the hay crops are given 
in Table II. Variations due to soil heterogeneity were moderately significant 
in one direction, and were differentially affected by season as shown by the 
interaction of rows with years. Differences due to crops, to seasons and to 
interaction of crops with seasons were highly significant. Reference to the 
right half of Table I shows that absorption of nitrogen by alfalfa in every 
sub-block was about three times as great in the second season as in the first, 
while none of the grasses much more than doubled the first year’s absorption. 


SUB-BLOCKI | suB-BLOcKm | suB-BLOCcKm 
NITROGEN ABSORBED 
LB/ACRE 
| BY ALFALFA, TIMOTHY, 
ill iil 1927 WESTERN RYE, BROME (cer) 

150 AND By 

SUCCEEDING WHEAT CROPS (BeLow) 
Hl 
wk | 

| 1928] SUB-BLOCK I MEANS 


||| lin i= 

- 

| | 


Fic. 1. Nitrification as indicated by nitrogen absorption (lb./acre) of successive crops 
throughout whole course of experiment, 1927-34. Histograms for alfalfa, timothy, western 
rye, and brome grass shown from left to right in each group. That half of figure showing 
absorption by wheat crops following these sods has been displaced to right to save space. For 
same reason (and others given in text) absorption by roots and stubble of hay crops in indi- 
vidual years is shown below the base line of histograms concerned. 
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This is a special case resulting from the addition of increased symbiosis to 
increased growth in the alfalfa. The variances due to crops and years and 
their interaction were due in general to yield differences, accentuated by 
differential responses to seasonal moisture supply, or lack of it (compare 
drought-susceptible timothy with drought-resistant western rye in 1929 and 
1930) and by differences in percentage composition of the crops. 


TABLE II 
ANALYSES OF VARIANCE OF NITROGEN (LB. PER ACRE) ABSORBED BY HAY CROPS 


| | | 
| Sub-block I | Sub-block II | Sub-block III 
| Variation due to | 


i Bs. Mean square | Bd. Mean square | D.f. | Mean square 
| | 
| | 
Inter-plot | Rows 3 | 1,050.3° 3 498 .6 | 3 286.5* 
comparisons | Columns 3 | 477.7 3 282.7 | 3 | 47.8 
| Crops 3 1,079.2* 3 8,705.9** | 3 | 27,401.32" 
| Error (a) 6 134.9 6 183.8 | 6 | 43.2 
| 
| | | | 
Intra-plot Years 1 8,564.1** $i Bisse | 4 | 19,914.3** 
comparisons Crops X years 3 1,326.8" | 9 2,006:7°* 
| Rows X years | 3 1on.7* | 9 99.4* | 12° | 57.7 
Columns X years 3 30.5 9 28.7 } 12 46.3 
| Error (b) 6 | 29.6 18 39.0 | 24 | 56.2 


* Exceeds 5% level of significance. 
** Exceeds 1% level of significance. 


The general mean percentages of ‘nitrogen in the hay are given in the top 
section of Table IV. Already lowest in hay yield (Table I), timothy falls 
relatively still lower in nitrogen absorption of hay crop, owing to its low 
percentage content of this element. Brome, on the other hand, by reason 
of its higher nitrogen content, achieves practical equality with western rye in 
nitrogen absorption of hay crop. 


Returning to Table II we see, finally, that errors (a) and (b), representing 
the residual variations of plots within crops, are satisfactorily small. 


In Table III are given the yield and nitrogen absorption of the entire hay 
plants (to plow depth) in the year of breaking each sub-block, these being 
the only seasons in which the sods were sampled and roots and stubble avail- 
able for analysis. In this case no analysis of variance for nitrogen absorbed 
can be made, since as already stated the residues for each crop in each sub- 
block were combined before analysis. The new information relates to the 
roots and stubble, the hay yields having been included with those of the 
other years reported in Table I. 


The general advantage that alfalfa possessed in hay yield is offset by 
the somewhat greater proportional development of roots and stubble in the 
grasses, the feature that, together with the fineness of their roots, makes 
grasses particularly valuable in the restoration of ‘‘fibre”’ to soils inclined to 
drift. This relation is shown on a weight basis in the left half of Table III 
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and on a percentage basis in the fourth column of Table IV. _ In this experi- 
ment, timothy excelled the other grasses in weight of residues. It might be 
expected that the residues would accumulate as the sods grew older, but this 
did not happen. The stubble reached its maximum weight in the one-year- 
old sods (from which, however, hay cuttings had been taken in both 1927 and 
1928) and the roots their maximum in three-year-old sods. After these 
maxima, decomposition apparently proceeded at a greater rate than accretion 
by new growth. 
TABLE III 
YIELD AND NITROGEN ABSORPTION OF ENTIRE HAY PLANTS 


| Yield, dry basis, lb. per acre | Nitrogen absorbed, lb. per acre 
| Alfalfa | Timothy | | Brome | Alfalfa | Timothy | 
rye | rye 
| | | 
| | 
Sub-block Hay 4041 4773 | 5825 5269 113.4 66.2 85.1 108.7 
I Stubble 2338 2954 | 3199 2790 59.0 27.0 30.1 36.0 
1928 Roots 3977 2877 994 2266 80.0 26.1 13.0 23.0 
Total 10356 10604 10018 | 10325 252.4 119.3 128.2 167.7 
| 
Sub-block Hay 2091 319 1666 1205 53.0 | 4.0 24.0 17.0 
II Stubble 694 938 1571 | 448 12.4 8.6 16.1 2.8 
1930 Roots 7617 10465 6053 9921 165.7 173.1 107.3 120.6 
Total 10402 | 11722 | 9290 | 11574 231.1 185.7 147.4 140.4 
| 
Mean total, Sub-blocks I | | 
and II 10379 11163 | 9654 | 10950 241.8 132.2 137.8 154.2 
Sub-block Hay | 3403 2292 | af 1134 73.0 19.0 -* 15.0 
III | Stubble | 689 628 | - 215 16.7 3.4 
1932 | Roots | 7057 | 7519 | - | $122 170.1 | 85.0 ~ | 57.3 
| | | | 
Total | 11149 | 10439 ~ | 6471 259.8 107.4 - | 73.8 
| 
Mean total, all sub-blocks | 10636 | | 137.5 - 127.3 


109225 9457 247.8 


* Western rye killed by ‘‘take-all’’ disease. 


In the histograms in Fig. 1, the nitrogen absorbed by the roots and stubble 
of the hay crops is shown on the same scale as that of the hay, but below the 
base line (except in the means) in order not to interfere with the graphic 
comparison of the hay fractions in all years. Also, these roots and stubble, 
as noted above, are not the product of one year’s growth, but represent the 
net gain of growth over decomposition up to the time of breaking. The wheat 
roots and stubble, on the other hand, are the product of one season. They 
are combined in the graph as “residue’’, the values being too small to plot 
separately. They are plotted above the base line, since they represent an 
integral part of the nitrification the wheat plants were used to measure. The 
numerical values of the fractions plotted are given in the last column of 


Table IV. It must be borne in mind that the roots were taken only to plow 
depth. 


220 CANADIAN JOURNAL OF RESEARCH. VOL. 17, SEC. C. 


TABLE IV 


MEAN NITROGEN CONTENT OF VARIOUS CROP FRACTIONS AND MEAN PERCENTAGES OF TOTAL 
YIELD AND NITROGEN ABSORPTION REPRESENTED BY SUCH FRACTIONS 


Hay plants 


| Percentage of 


N content, | Percentage of 
Fraction Crop pares total N 
% total yield absorption 
Timothy 1.58 225 21.6 
Western rye L723 38.8 39.6 
Brome 1.90 26.8 36.8 
| Grass mean 1.74 | 28.0 | 
Alfalfa 2.74 | 29 | 32.2 
Timothy 81 
Western rye 1.03 | 24.7 16.8 
Stubble 92 | 12.2 10.6 
Stubble | -| 
| Grass mean 91 15.8 11.7 
"Alfalfa | 2.30 | 11.7 | 11.8 
Timothy 63.7 68.9 
| Western rye 1.62 36.5 | 43.6 
Brome 1.16 61.0 52.6 
| Grass mean le 1.32 | 56.2 56.6 
Alfalfa 2.22 | 584 | 55.9 
| Timothy 1.04 17.5 78.4 
| Western rye 1.33 61.2 60.4 
Brome 1.04 63.2 
stubble) Grass mean 219 72.0 68.3 
| Alfalfa | 2.26 70.1 67.8 
| 
Wheat plants 
Grain | 2.74 30.5 70.9 
Straw | 48 50.3 20.1 
Stubble | | 41 13..2 4.6 
Roots | .86 5.9 4.5 
Residues 19.1 9.1 


| 
| | 


In spite of the larger proportion of roots and stubble in the grasses, alfalfa 
maintains its pre-eminence in nitrogen absorption, whether of entire plants or 
of residues (Table III, right) by reason of the higher percentage of nitrogen in 
all its fractions (Table IV, Column 3). Of course, only part of this alfalfa 
nitrogen was taken from the soil. Among the grasses, the order of nitrogen 
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absorption by the entire plant is, in one-year-old sod: brome, western rye, 
timothy. This order is reversed in three- and five-year-old sods (neglecting 
western rye in the last instance). In nitrogen of roots alone, timothy leads 
the grasses in all cases, its superior yield more than offsetting its lower nitrogen 
percentage. 

A striking feature observable in Tables III and IV and Fig. 1 is the very 
large proportion of the hay plants which remains as residue in the soil. The 
quantity of residue left by wheat plants is almost negligible by comparison. 
Obviously the rate and manner of decomposition of hay residues are important 
to succeeding crops. 


Yield and Nitrogen Absorption of Wheat 


As wheat yields have an intrinsic interest, those obtained in this experiment 
will be noted before considering them as indicators of nitrification. In 
Table V are shown the yields of grain, straw, residues, and total crop. Roots 
and stubble were actually determined separately; their mean composition 
and proportions, together with those of other fractions of the wheat plants, 
were indicated in the bottom section of Table IV. 

The mean yield of grain, which accounted on the average for 30.5% of the 
dry weight of the plants, was in all three sub-blocks greatest after timothy. 
In Sub-block I it was lowest after brome. The only other important dif- 
ferences observable in grain yields are in Sub-block III, where the yield after 
alfalfa was apparently reduced by competition with volunteer alfalfa plants 
(a common condition when old stands of alfalfa are broken), and the yield 
after western rye was increased by the partial fallow of these plots in 1932, 
consequent on the killing of the hay plants by ‘‘take-all’’. 


Straw accounted on the average for about half the dry weight of the plants. 
The order of straw yield in general followed that of grain yield, though there 
was a distinct tendency for wheat crops following alfalfa to throw a higher 
proportion of straw, this access of vegetative activity doubtless reflecting the 
more liberal supply of available nitrogen in these plots. . 


Roots and stubble together made up'less than one-fifth of the dry weight 
of the plants, and they are treated as a unit in Table V. They were not deter- 
mined in 1929. With a fraction as small as this, yield differences are of 
restricted significance. There appears some tendency, however, for residues 


to make up a larger proportion of the wheat crop after brome grass than after 
the other hay crops. 


In yield of entire plant, wheat after alfalfa supersedes wheat after timothy 
in Sub-block I, but in the other two sub-blocks wheat after timothy retains 
the lead it exhibited with respect to yield of grain alone. 


For grain yield the variance has been calculated and is given in Table VI. 
Soil heterogeneity apparently did not play a major part, the mean square 
being significant only for the columns of plots in Sub-block II. The statistic- 
ally very significant variance between crops in Sub-block III must be 
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attributed at least in part to the circumstances already mentioned, namely, the 
effects of volunteer alfalfa and ‘‘take-all’’. The intra-plot comparisons bring 
out the very significant influence of season on the yield of grain, exercised 
differentially on plots following the different sods, as indicated by the inter- 
action of crops and years and illustrated by the comparative yields in 1929 
and 1930 after the various sods in Sub-block I (Table V). The diminishing 
superiority of alfalfa sod with successive cropping to wheat is also reflected 
in the interaction of crops with years. 


TABLE VI 
ANALYSES OF VARIANCE OF YIELD OF GRAIN, LB. PER ACRE 
Sub-block I Sub-block II Sub-block III 
Variation due to 

D.f. Mean square D.f. Mean square D.f. | Mean square 

Inter-plot Rows 3 31,,271.2 3 129, 230.1 3 46,579.1 

comparisons | Columns 3 66,138.2 3 281,523.6* 3 6,537.4 
Crops 3 86,292.9 3 176,864.1 3 256,045.1** 

Error (a) 6 54,603 .6 6 39 803.8 6 10,524.4 

Intra-plot Years 5 2,314, 738.6** 3 2,085 ,429.6** 1 12,880.1 
comparisons | Crops X years 15 62 ,019.2** 9 148 ,050.5** 3 140,752.1** 

Rows X years 15 18,319.4 9 28,238.5 3 20,632.1 

Columns X years 15 18,289.0 9 33 ,698.0 3 1,279.9 

Error (b) 30 9,578.9 18 15,249.3 6 10,501.8 


Nitrogen absorption by the wheat crops following the different sods is 
shown in Table VII and Fig. 1 (right). In Sub-block I, 1929, the residues 
were not determined, and the values given were calculated from the mean 
ratio of residue to total plant in the other five years of the experiment. The 
histograms for that year could not be drawn without resorting to this exped- 
ient, which, however, can introduce no serious error in view of the small frac- 
tion represented by the residues. Indeed, as already noted, the disparity 
between the quantities of residue left by the wheat and the hay plants is one 
of the most striking features of this experiment. Because of their diminutive 
quantity, the roots and stubble of the wheat plants are not shown separately 
in Table VII and Fig. 1, but the mean proportions and nitrogen content of 
each may be found at the bottom of Table IV. In this table we see that the 
roots were more than twice as rich in nitrogen as the stubble. The latter did 
not differ markedly from the straw in this respect. The mean values in the 
upper half of Table VII show that, while much the largest quantities of nitrogen 
are fixed in the grain, the relative differences between crops following alfalfa 
and the grasses are greater in the straw. 


While the histograms in the right-hand side of Fig. 1 suggest that the faster 
rate of nitrification in decomposing alfalfa sods may last only two seasons after 
breaking, though with some indication of superiority over the grass sods in 
the third and fourth seasons in Sub-block I, there is other evidence of persistent 
differences in the character of growth following alfalfa and the grasses. In 
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Table X we find the wheat grain produced after alfalfa on Sub-block II 
definitely higher in nitrogen than that produced after the grasses, a superiority 
reflected in substantially larger loaf volumes, in all four seasons, though the 
differences in nitrogen absorption by the entire wheat plants after the different 
sods in the third and fourth seasons are too small to be noticeable in the 
histograms. Brome seems to be inferior to the other two grasses in its 
sequence effects on wheat, whether judged by the nitrogen percentage of the 
kernels (Table X) or the nitrogen absorption by the entire wheat plants 
(Table VII). The difference between the mean values for the total nitrogen 
absorption by wheat after timothy and western rye is small except in Sub- 
block II, where the advantage lies with timothy. Certainly there is in these 
data no evidence of the supposed deleterious effects of timothy on succeeding 
crops. 

Analyses of variance of nitrogen absorbed by wheat grain and straw com- 
bined are given in Table VIII. Residues could not be included, as they 
were not analyzed separately for each plot, but they represent on the average 
only 9°% of the total nitrogen absorption. Again we find only moderate 
differences attributable to soil heterogeneity, the important ones depending 
upon crops, seasons, and the interaction of these two factors. 


TABLE VIII 
ANALYSES OF VARIANCE OF NITROGEN (LB. PER ACRE) ABSORBED BY WHEAT GRAIN 


AND STRAW 
Sub-block I Sub-block IT Sub-block III 
Variation due to 
D.f. Mean square D.f. Mean square D.f. | Mean square 
Inter-plot Rows 3 25.3 3 153.3 3 61.9* 
comparisons Columns 3 63.5 3 93.1 3 9.9 
Crops 3 290.8** 3 541 .9°* 3 213.8** 
Error (a) 6 16.8 6 60.0 6 8.5 
Intra-plot Years 5,148.5" 3 1 283.8** 
comparisons Crops X years 12 9 433.4** 3 203 .6** 
Columns X years 12 60.5* 9 45.4* 3 14.3 
Rows X years 1 19.6 9 mT 3 37.1* 
Error (b) 24 20.3 18 14.4 6 $.7 


Quality of Wheat 


While a study of the effect of crop sequence on wheat quality was not a 
prime object of these experiments, the grain produced was subjected to the 
routine quality tests of the laboratory. No important differences were found 
in commercial grade, weight per bushel, or flour yield, but the data pertaining 
to protein content, kernel texture, and loaf volume (bromate baking formula) 
showed enough variation to be worthy of examination. This is most conveni- 
ently accomplished by statistical analyses. In 1929 the grain samples from 
the four replicates in Sub-block I were combined before analysis, milling 
and baking. These are therefore excluded from further consideration, except 
with respect to the mean values recorded in Table X. 
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Analyses of variance of percentage of protein in wheat, reported in Table IX, 
show fortuitous variations due to such factors as soil heterogeneity, to be for 
the most part insignificant. There are, however, very important differences 
due to crops and years and their interactions. The influence of season on 
protein content is well known, but its differential effect on protein content 
following various hay crops is of additional interest. Differences in both 
quantity and quality of nitrifiable residue left by these crops would affect 
their potential response to seasonal factors, and so account for the inter- 
action noted. Since this comes in question chiefly between the alfalfa and 
the grasses, it may be suggested that the relative slowness of the alfalfa in 
starting the first season, and the fact that the sods in Sub-block I were only 
one year old when broken, explain the lack of significant variance due to crops 
and their interaction with years in this instance. Actually, it is clear from 
Fig. I that more nitrogen was made available to the crop following alfalfa 
in Sub-block I, especially in 1929 (unfortunately excluded from the cal- 
culation of variance). 


TABLE IX 
ANALYSES OF VARIANCE OF PERCENTAGE PROTEIN IN WHEAT (13.5°% MOISTURE) 


Sub-block I Sub-block II Sub-block III 
Variance due to 


Df. Mean square Dif. | Mean square D.f. Mean square 
Inter-plot Rows 3 .97 3 .20 3 20 
comparisons Columns 3 Pw 3 3.57 3 Reg 
Crops 3 2.97 3 | 17.97% 3 32.50** 
Error (a) 6 1.13 6 | .87 6 .78 
Intra-plot Years 4 65.63"* 3 | 4.1 1 16.80** 
comparisons Crops X years 12 a8 9 | nag 3 ..i 
Rows X years 12 .05 9 | .40 3 .10 
Columns X years 12 33 9 | .12 3 ae 
Error (b) 24 .29 18 .19 6 .05 


Reference to Table X shows that Sub-block I differed from the other two 
in that the wheat grain was not richer in nitrogen following alfalfa than 
following the grasses, conspicuously so in 1929, when the plots following alfalfa 
showed their greatest superiority in total nitrogen supplied to the wheat 
plants. Evidently the conditions in these plots were such as to induce 
vigorous growth and large yields of both straw and grain (Table V), with 
the nitrogen absorbed thus distributed through more material and the per- 
centage concentration reduced. Analytical data on wheat grown under 
different soil and climatic conditions are, in routine investigations, often 
limited to nitrogen content of the grain. Obviously this is not a safe guide 
to the rate of nitrification in the soil. Nor does soil richer in available nitrogen 
necessarily give stronger wheat and larger loaf volumes. It remains true, 
however, that the older sods of Sub-blocks II and III invariably produced 
richer and stronger wheat after alfalfa than after the grasses. There was 
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little difference in this respect between timothy and western rye grass, but 
wheat after brome grass was somewhat inferior in quality, even on the young 


sod of Sub-block I. 


TABLE X 
MEANS: LOAF VOLUME (CC.) AND NITROGEN CONTENT OF WHEAT (%, DRY BASIS) 
Alfalfa Timothy Western rye Brome 
Sub- 
block Loaf Loaf Loaf Loaf 
Nitrogen Nitrogen Nitrogen Nitrogen 
volume volume volume volume 

I 1929 650 3.08 674 3.22 636 3.29 634 4: 
1930 804 3.33 756 3.26 809 3.31 765 3.27 
1931 779 2.85 754 2.85 711 2.79 651 2.47 
1932 628 2:78 636 2.78 620 2.58 614 2.44 
1933 541 2.46 529 2.44 542 2.44 532 2.39 
1934 423 2.24 433 2.43 460 2.24 423 2.18 
II 1931 849 3.15 679 2.64 665 2.73 541 2.20 
1932 700 2.99 600 2.68 621 2.70 602 2.50 
1933 695 3.08 618 2.71 626 2.78 609 2.68 
1934 638 2.80 541 2.51 560 2.50 538 2.50 
Ill 1933 775 3.65 575 2.67 633 2.89 586 2.62 
1934 689 3.18 514 2.51 536 2.52 532 2.44 


The relation between loaf volume and nitrogen content is set forth statis- 
tically in Table XI and Fig. 2. Linear regression accounts for most of the 
variation found, the correlation coefficient being r = 0.83. Fitting a second 
degree curve improved the correlation slightly but significantly to R = 0.85. 
The analyses of variance were extended to test the homogeneity of regression 


TABLE XI 


ANALYSIS OF VARIANCE OF LOAF VOLUME IN RELATION TO 
PERCENTAGE NITROGEN IN GRAIN. TEST OF SIGNIFICANCE OF 
REGRESSION FUNCTION 


Source of variation yy boos 
Linear regression 1 337 ,079** 
Added effect of quadratic 1 16,615* 
Residual 45 2,910 

fun = 0.83 Roast = 0.85 


by sub-blocks and crops, but in no case was the variance significant. It is 
obvious from inspection of the centroids in Fig. 2 that, as noted in the pre- 
ceding paragraph, the crops fall into three groups with respect to quantitative 
effect on nitrogen content and corresponding loaf volume, but that there are 
no qualitative effects on the character of the protein. A given percentage of 
nitrogen in the kernels produced on the average the same loaf volume, regard- 
less of the sod on which the wheat had been grown. 
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Kernel texture, expressed as percentage of hard red vitreous kernels, is 
an important factor in Canadian wheat grade specifications. In this experi- 
ment it was estimated by classifying a representative sample of 1000 kernels 
into vitreous, piebald, and starchy, first on the basis of external appearance, 
then by cutting the kernels with a tester. Half the percentage of piebald 
was added to the percentage of vitreous to get the figure for hard kernels. 


PRECEDING CROP: 
O ALFALFA 
TIMOTHY 
WESTERN RYE 
x BROME 


700 


600 | 


500 
a 
e 26 28 3.0 
xo 


2.4 28 3.2 3.6 


LOAF VOLUME, cc. 
o 
oo 


NITROGEN IN WHEAT, 4%. 


Fic. 2. Loaf volume (bromate baking formula) in relation to nitrogen content of wheat 
grain, For all data, linear relation r = 0.83; quadratic R = 0.8). 


The mean values given in Table XII show the high general quality of the 
wheat produced on this fertile soil. The narrow range of variation in both 
kernel texture and protein content in a season of limited rainfall such as 


TABLE XII 
MEAN PERCENTAGES HARD KERNELS AND PROTEIN CONTENT (13.5 MOISTURE) 


May-July Hard kernels Protein content 
in. Mean Range Mean Range 
| 

1930 6.24 99.2 98.8-99.7 | 16.3 15.4 - 17.1 
1931 10.83 87.6 62.0- 98.5 | 13.3 10.5 - 15.7 
1932 7.05 97.5 91.0*—- 99.9 13.1 11.4 - 15.0 
1933 9.03 93.0 73.1 - 97.9 13:5 10.9 — 18.2 
1934 10.01 98.8 94.9 -100.0 | ae 3 9.6 — 16.0 


* One odd sample dropped to 78.8. 
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1930 restricts the likelihood of finding a high degree of correlation, and we see 
later (Table XIV) that the coefficient is insignificant in this case. In 1934 the 
diminishing fertility resulting from continuous cropping with wheat is reflected 
in reduced protein content, though the percentage of hard kernels is greater 
than would be expected from this or from the liberal May-July rainfall. On 
referring to the more detailed rainfall data given in the introduction, we find 
that the precipitation in 1934 came most abundantly in May and June, 
tapering off later when the texture of the kernels was developing. 

Analyses of variance of percentage hard kernels are reported in Table XIII. 
The dominant effect of season, already evident in Table XII, is here clearly 
proved. Only in Sub-block II do the preceding hay crops appear to have 
significantly different effects on the texture of the wheat kernels, such effects 
being influenced differentially by seasons. Since the original data have been 
omitted to save space, it may be said that in Sub-block II the mean per- 
centages of hard kernels were: after alfalfa, 98.0; after timothy, 94.5; after 
western rye, 96.6; after brome, 90.5. The differences were greatest in 1931, 


the first year after breaking, and tapered off to minimum values in 1934, 
the last year. 


TABLE XIII 
ANALYSES OF VARIANCE OF PERCENTAGE HARD KERNELS 


Sub-block I Sub-block II Sub-block III 
Variance due to 


D.f. Mean square Df. Mean square Dg. Mean square 

Inter-plot Rows 3 23.4 3 7.8 3 1.4 
comparisons Columns 3 257.8 3 36.1 3 5.4 
Crops 3 3 3 20.7 
Error (a) 6 83.9 6 3.9 6 7.4 

Intra-plot Years 4 3 1 234.3°* 
comparisons Crops X years 12 30.3 9 ‘36.7°" 3 13.6 
Rows X years 12 7.8 9 3.0 3 2.4 
Columns X years 12 45 9 3 4.6 
Error (b) 24 14.3 18 2.8 6 $.4 


Newton, Cook, and Malloch (1) found no significant linear correlation 
between percentage of hard kernels and protein content over all samples in 
a series of six wheat varieties grown at six widely separated points in Western 
Canada, though within a given sample the vitreous kernels always contained 
more protein than the starchy kernels. The disturbing factors, they con- 
cluded, did not lie in inherent differences between varieties, but in environ- 
mental effects. In the present experiment only one variety and one station 
come in question, so we may look more hopefully for association of the two 
characteristics. In Table XIV is given an analysis of covariance of percentage 
of hard kernels and percentage protein content. Part A shows the linear 
regression of the one on the other to be highly significant over all seasons, 
though seasonal effects are also highly significant, as shown by the differences 
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in seasonal centroids and regressions. Part B gives the detailed relations 
in individual years. The correlation for 1930 is insignificant, as noted above, 
but for all the other seasons is highly significant. The average over all seasons 
is, r = 0.37; within seasons it is, 7 = 0.84. 


TABLE XIV 
ANALYSIS OF COVARIANCE OF HARD KERNELS AND PROTEIN CONTENT 


A. Test of homogeneity of regression by seasons 


Variance in kernel texture Df. Mean square 
Average regression all seasons 1 1152 .00** 
Difference in seasonal centroids + 983 .45** 
Difference in seasonal regressions 4 459:.17°* 
Residual 166 9.89 


B. Relation of hard kernels and protein content in individual years 


Year Regression coefficient —— 
1930 +0.2% hard per % protein 30 
1931 +6.6% hard per % protein :92°* 
1932 +2.3% hard per % protein 
1933 +1.4% hard per % protein son 
1934 +0.6% hard per % protein A 


Average for all data, r = 0.37**. 
Average within years, r = 0.84**. 


Discussion 


The use of the growing crop as an indicator of soil nitrification rates appeared 
to work at least moderately well in these experiments. Certainly the authors 
gained in this way a much clearer knowledge of the sequence effects of the hay 
crops investigated. On the other hand, the effects of timothy on succeeding 
crops did not turn out in this case in accordance with popular belief, nor 
indeed in accordance with experimental results previously obtained at the 
same station. The cause of this discrepancy is not immediately apparent. 
The results actually found are, however, in harmony with the fact that, 
among the grasses, timothy left in the soil the largest quantity of residue and 
fixed nitrogen and, because of its small yield of hay in the absence of sufficient 
moisture, removed the smallest quantity of nitrogen from the soil. The 
fact that brome was distinctly poorer than the other two grasses in its after 
effects raises the question as to whether such creeping rooted grasses that form 
a closely knit sod may depress nitrification by preventing adequate aeration 
of the soil. Other possible explanations will be considered in later papers of 
this series, and a general discussion will be more appropriate after these have 
appeared. The findings of other workers in the same or related fields, 
recorded in the literature, can be considered at the same time. One unpub- 
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lished observation may be mentioned here. On reading the manuscript of 
this paper and noting that wheat following alfalfa threw a larger proportion 
of straw and that the relative differences in nitrogen fixed showed up most 
clearly in the straw, Dr. A. G. McCalla commented that in his water culture 
experiments at Edmonton the wheat plants supplied with high nitrogen solu- 
tions always produced a larger proportion of straw. 
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A LEAF BLIGHT OF POPULUS TACAMAHACA MILL. 
CAUSED BY AN UNDESCRIBED SPECIES 
OF LINOSPORA' 


By G. E. THompson? 


Abstract 


A foliage disease of Populus tacamahaca Mill., caused by a fungus that has 
been given the name Linospora tetraspora n. sp., is known to occur in Alberta, 
British Columbia, Ontario, and Quebec, Canada. The lesions on the leaves are 
of various sizes, dark brown in colour, with very irregular and diffused margins. 
The leaves may be completely invaded, discoloured, and dropped prematurely. 
Small, black, circular or irregular pseudoclypei develop on the upper surface of 
the infected leaves. No true conidial stage was found in the life history. 
Spermatia are produc ed in acervuli that develop in the cells of the upper epidermis 
during late summer and autumn. I[solations from ascospores and plantings of 
infected leaf tissues gave similar mycelial growth on potato dextrose agar. The 
pathogenicity of the fungus was demonstrated by the inoculation of healthy 
leaves with a suspension of ascospores. Symptoms typical of the disease devel- 
oped in about a month. The fungus was re-isolated from the inoculated leaves. 


Introduction 


The author's first observations of this disease of Populus tacamahaca were 
made in the Claude River Valley, Gaspé. Co., Quebec, during September 
1928, and in the Temagami Forest Reserve, Ontario, during 1930-31. Later, 
the author received from various investigators specimens of the disease which 
were collected in the following localities: Sandhill, Alberta; Revelstoke, 
British Columbia; Iroquois Falls and Petawawa, Ontario; Duchesnay, 
Matapedia, and Proulx, Quebec. In a letter from Dr. J. W. Groves, it was 
reported as causing serious defoliation of the balsam poplar at the Petawawa 
Forest [Experiment Station, Ontario. The disease appears to be widely 
distributed throughout Canada, but as far as the writer was able to determine, 
it has not been reported from the United States. 


In the Temagami Forest Reserve, the foliage on young trees and on the 
lower branches of older trees was severely damaged. The leaves were dis- 
coloured and wilted, and presented the appearance of having been scorched by 
fire. Trees of Populus grandidentata Michx. and’ P. tremuloides Michx. 
growing in close proximity to diseased trees of P. tacamahaca were not 
affected. 


Symptoms and Signs 


The lesions vary considerably in size and may include the entire leaf. As 
infection progresses most rapidly along the main veins and spreads into the 
intercostal areas through the veinlets, the margins of the lesions are irregular. 
On the upper surface of the leaves they are dark brown. As they increase in 

Manuscript received April 13, 1939. 
Contribution from the Department of Botany, University of Toronto, Toronto, Ontario. 
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size, their centres become ashen or bleached in appearance. This discolour- 
ation usually extends over the entire surface when the leaf is completely 
invaded (Fig. 1, 1). 


Fic. 1. 1. Four leaves of Populus tacamahaca showing the lesions on the upper surface. 
Bleached areas in the centres of the lesions are visible on three of the leaves. Natural size. 
2. Lesions on a leaf showing black pseudoclypei scattered over the upper surface. X2. Photo- 
graphed by W. R. Fisher, Department of Plant Pathology, Cornell University, Ithaca, New 
York. 
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The lesions on the under surface of the leaves are reddish brown, and have 
irregular margins. The discoloured veins at the borders of the spots stand 
out prominently in contrast to the healthy ones. Infection usually spreads 
from the blades of the leaves into the petioles, which become brownish and 
shrivelled. 

The black pseudoclypei, which are visible on the upper surface of the leaves, 
are of diagnostic value. They develop when the lesions become ashen 
coloured, and appear either singly or confluent, about 0.5 mm. in diameter, 
circular or irregular in outline, thickly scattered over the surface. When the 
leaf is completely infected, they are dispersed over the entire upper surface 
of the leaf (Fig. 1, 2). They are composed of dark thick-walled hyphae, 
which lie within the blackened epidermal cells. 


Development of the Fungus 


Microscopic examination shows that the mycelium in the tissues at the 
margins of the lesions is composed of hyaline hyphae, about 2.5 yu in diameter, 
which ramify between and within the cells of the leaf, most of which appear 
collapsed. Globules or solid masses of a brownish substance are conspicuous 
in the others. 


ConimpIAL StTaGE. That the conidial stages of Linospora species are not 
well known was pointed out by Miller and Wolf (4). They found that 
Linospora Gleditsiae Miller & Wolf had a Gloeosporium stage. Lindau (3) 
reports Gloeosporium Tremulae (Lib.) Passer. as the conidial stage of Linospora 
populina (Pers.) Schroeter. 


Klebahn (2) found no evidence of a conidial stage in the life history of 
Linospora capreae (DC.) Fuckel. 

The author was unable to find a true conidial stage associated with the 
fungus under investigation. However, a spermatial stage was found in the 
lesions during late July, August, and September, 1931. The acervuli in which 
the spermatia were produced were most obvious on moist leaves that had been 
lying on the ground. They arise within the epidermal cells of the upper 
surface of the leaf and are circular or irregular in outline and 125-250 wy in 
diameter. The hyaline spermatiophores, 9-13 X 2.5-3 uw, borne on a slight 
stroma, form a compact layer at the base of the acervulus. The spermatia, 
which appear to be budded off from the tips of the spermatiophores, are 
spherical, one-celled, hyaline, 2.5—3 uw in diameter (Plate I, 1). The outer 
walls of the epidermal cells are pushed outward and finally ruptured by the 
developing whitish masses of spermatia. The latter failed to germinate in 
sterile water or on the surface of potato dextrose agar. 


PERITHECIAL STAGE: Pseudostromata, 400-750 Xx 200-250 wu, develop 
within the leaf tissues directly beneath the pseudoclypei. They consist of 
compact masses of hyaline pseudoparenchyma-like hyphae surrounded by 
two or three layers of dark-coloured hyphae. In transverse sections the 
pseudostromata appear as box-like compartments in which borders of dark 
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PLATE I 


PLATE I. 1. Transverse section of a leaf showing an acervulus containing a mass of 
spermatia and basal layer of spermatiophores. X 270. 2. Transverse section of a leaf showing 
a pseudostroma with dark margin and inner hyaline pseudoparenchyma. The remains of a 


few palisade cells filled with a dark-coloured deposit can be seen embedded within the pseudo- 


stroma. X220. 3. Vertical section of a perithecium embedded within a pseudostroma, showing 
membranaceous wall, lateral beak, and long cylindrical asct. X12. 
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fungous elements surround the hyaline fungous tissue and remains of the 
palisade cells (Plate I, 2). 

The perithecial initials consist of coils of hyaline hyphae, which originate 
in the centres of the pseudostromata. They were observed in stained sections 
of diseased leaf material, which was collected in the latter part of July. Their 
development concurs with that of the spermatial stage. Neither the peri- 
thecial initials nor subsequent stages of the perithecia were studied in detail. 

In the Temagami region of northern Ontario, mature perithecia were found 
in overwintered leaves during June. They are globose or pyriform, 175-270 X 
110-175 yw, usually single in the pseudostromata (Plate I, 3). The mem- 
branaceous wall of the perithecium is composed of two or three inner layers 
of narrow thin-walled cells and one or two layers of narrow, dark-coloured 
hyphal cells. 

The beak of the perithecium arises laterally. It extends for a short distance 
into the tissues of the leaf and then curves at right angles to the leaf surface, 
finally projecting a short distance above it. The ostiole of the beak is lined 
with narrow, hyaline periphyses that extend a short distance into the peri- 
thecial cavity. 

The asci are long cylindrical, straight or curved, tapering to a narrow 
base, rounded and thickened at the apex, 175-230 X 6.5-9 yw, four-spored 
(Fig. 2, A). In crushed mounts of perithecia in water, the asci separate 
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Fic. 2. A. Asci. B. Ascospores. C. Germinating ascospore. Drawings made with the 
aid of a camera lucida. X450. 
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and float out freely, and their bases dissolve away as is typical of the Diapor- 
thaceae. When perithecia are kept in a moist chamber, the asci and asco- 
spores 00ze out to form little droplets at the tips of the beaks. Both of these 
observations are in accordance with those of Miller and Wolf (4) for Linospora 
Gleditsiae. 


The ascospores are filiform, straight or irregularly curved, six- to eight- 
septate, hyaline, 175-225 X 2.5-3 yw, spirally twisted within the ascus. 

Paraphyses were not observed in the mature perithecia. Miller and 
Wolf (4) have pointed out that in Linospora Gleditsiae, the paraphyses dis- 
appear when the asci mature. Early stages similar to those described by 
Miller and Wolf were not available for study. 


Taxonomic Position of the Fungus 


The following characters place the fungus in the genus Linospora of the 
family Clypeosphaeriaceae: the presence of pseudoclypei; perithecia with 
true walls and elongated beaks; filiform, septate, hyaline ascospores, and the 
absence of paraphyses in the mature perithecia. 


The writer was unable to find any Linospora described -or reported as 
occurring on poplars in North America. Two species are known to occur 
in Europe: Linospora populina (Pers.) Schroeter on Populus alba L., P. nigra 
L., and P. tremula L.; Linospora candida Fuckel (1) on P. alba and P. canescens 
Sm. 

The fungus under investigation differs from the above European species 
chiefly in having longer asci and ascospores, and four-spored asci. Because 
of these and other differences, and the fact that a Linospora affecting poplars 
has not been reported from North America, this fungus is described as a new 
species. 


Linospora tetraspora sp. nov. 

Pseudoclypeis, nigris, epiphyllis, dense sparsis, mycelio fusco in epidermide 
formantibus: pseudostromatis, 400-750 xX 200-250 yu, inferis pseudoclypeis, 
formantibus hyalinis pseudoparenchymis et degeneratis palisadis cellis, 
marginatis atris; peritheciis, globosis vel pyriformis, 175-270 X 110-175 uy, 
saepissime solitariis in pseudostromatis; rostris lateris exertis atque curvulis; 
periphysibus in ostiolo; ascis cylindraceis, rectis vel curvulis, contractis imo, 
apice incrassito, 175-230 X 6.5-9 uw, 4-sporis; ascosporis filiformibus, rectis 
vel irregulariter curvatis, 6-8 septatis, hyalinis, 175-225  2.5-3 spiraliter 
contortus in ascis. 

Hab. in foliis dejectis vere Populi tacamahacae Mill. 

Status spermaticus: Acervulis, epiphyllis, intraepidermide, orbicularibus vel 
irregularibus, 125-250 w diam.; hyphis fertilibus, hyalinis, 9-13 2.5-3 yu, 
spermatiis sphaericis, continuis, hyalinis, 2.5—3 uw diam. 

Hab. in foliis vivis et in foliis dejectis aestate sera et autumne Populi tacama- 
hacae Mill. 


TYPE LOCALITY: Sandy Inlet, Lake Temagami, Temagami Forest Reserve, 
Ontario. 


DIsTRIBUTION: British Columbia, Alberta, Ontario, and Quebec. 
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TYPE SPECIMENS: Author’s collection number 556, part of which has been 
deposited in the following herbaria: Department of Botany, University ot 
Toronto, Toronto, Ontario; Department of Plant Pathology, Cornell Uni- 
versity, Ithaca, New York; and Farlow Herbarium, Harvard University, 
Cambridge, Massachusetts. 


Cultures 


Pieces of overwintered leaves containing mature perithecia were fastened 
to the covers of Petri dishes in such a way that ascospores discharged from 
perithecia fell on the surface of the medium below. Germination of the 
ascospores took place within 24 hr. Germ tubes were formed at either the 
ends or the sides of the ascospores (Fig. 2, C). 


Numerous transfers of single ascospores and masses of ascospores were 
made on test tube slants of potato dextrose agar. The single ascospores 
failed to grow, and only a few of the mass ascospore plantings developed into 
colonies. The mycelia grew very slowly, forming whitish colonies which 
later became brownish in colour. The hyphae tended to build up in the centres 
of the colonies. When the cultures were examined microscopically, they were 
found to consist of hardened masses of short, thick-walled brownish hyphae. 
Neither spores nor fruiting structures of the fungus were found in the cultures. 


A few successful isolations of the fungus were obtained from tissue plantings 
taken from the margins of lesions on diseased leaves. The colonies were 
similar to those derived from ascospores. 


Inoculations 


On June 23, 1931, mature perithecia were dissected out of overwintered 
leaves and crushed out in sterile water. The suspension of asci and ascospores 
thus obtained was transferred to an atomizer that had been rinsed out pre- 
viously with 95% alcohol and sterile water. A small tree of Populus taca- 
mahaca growing in a location free from the disease was selected for inoculation. 
The terminal leaves on each of three branches were enclosed in celluloid 
cylinders. The end of the cylinder nearest the trunk was plugged with moist 
sphagnum. The suspension of asci and ascospores was atomized on the 
leaves through the open end of the cylinder, which was then plugged with 
moist sphagnum. The cyiinders were left on the branches for three days. 
During this period the sphagnum was kept moistened. 


The artificially inoculated leaves developed symptoms typical of those 
found on naturally inoculated leaves by July 23, 1931. A few weeks later 
pseudoclypei and pseudostromata developed in the leaf tissues. The sur- 
rounding foliage on the tree remained free from infection. On July 25, 1931, 
the fungus was re-isolated from the diseased tissues of the inoculated leaves. 
The colonies that developed from these isolations were similar to those made 
from ascospores. The results of these experiments demonstrate the patho- 
genicity of the fungus. 
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INVESTIGATIONS ON TRICHINOSIS IN CANADA 


II. A FURTHER SURVEY OF THE INCIDENCE OF TRICHINELLA SPIRALIS 
IN HOGS IN EASTERN CANADA! 


By Tuomas W. M. CAMERON? 


Abstract 


During 1937 and 1938, 2,000 hogs from eastern Canada were examined for 
cysts of Trichina. Fifteen or 0.75% were infected. 


During the summer of 1938, the survey recorded in 1937 (1) was continued. 
The same technique of receiving the samples and of examining them at the 
Institute of Parasitology was followed, and the same general sources of supply 
were used.. All samples were selected at random and no selection was made 
except that samples were sent only from hogs of which the district of origin 
was known. Ten grams of muscle was digested as before, while part of the - 
remainder was examined in the compressorium. 

During this season, 1,271 samples were received, making a total of 2,000 
for the two seasons. Although 15 positive samples were received in 1937, 
there were none in 1938. To check the technique employed, known positive 
samples were examined in an identical manner at intervals throughout the 
season. In all these cases, the results were positive, confirming the efficiency 
of the technique. It may be taken, therefore, that the pork samples received _ 
from the abattoirs actually were negative. The reasons for the completely 
negative results this year are not obvious. 

An analysis of the examination for the two years (Table I) accordingly 
shows an incidence of 0.75%, a figure considerably under that suggested in 
the early part of the survey. 

The Bureau of Animal Industry in the past four years has recorded the 
results of examinations of hogs in the United States as follows: 


1935 1,973 garbage-fed hogs 4.8% infected 
2,146 grain-fed hogs 1.5% infected 
1936 2,341 garbage-fed hogs 5.0% infected 
4,740 grain-fed hogs 1.0% infected 


1 Manuscript received April 18, 1939. 
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1937 3,876 garbage-fed hogs 3.4% infected 
1,860 cooked garbage-fed hogs 0.59% infected 
1,535 no garbage-fed hogs 0.32% infected 
1938 2,847 garbage-fed hogs 10.0°% infected 
3,799 grain-fed hogs 1.0% infected 
TABLE I 
INCIDENCE OF TRICHINA CYSTS IN HOGS EXAMINED IN 1937 AND 1938 
No. of examinations Positive 
Province 
1937 1938 Total No. % 
Saskatchewan 7 0 7 0 0 
Manitoba 299 467 766 5 0.65 
Ontario 146 405 551 3 0.54 
Quebec 226 274 500 6 LZ 
New Brunswick 40 46 86 0 0 
Nova Scotia 5 21 26 0 0 
Prince Edward Island 6 39 45 1 22 
Unlabelled mo 19 19 0 0 
Total 729 1,273 2,000 15 0.75 


The percentage infections vary considerably in these samples. The general 
average is 3.1°% but when the 11,000 hogs fed on raw garbage are contrasted 
with the 14,000 hogs not so fed, it wilt be noted that 5.85% of garbage-fed 
hogs are infected, contrasted with 1.0% of the hogs fed no raw garbage. 
As the feeding of raw garbage to hogs is prohibited by law in Canada, the 
latter figures only are comparable with our results. The results are quite 
similar. 

There seems little doubt that the majority of pigs infected with trichinosis 
in North America owe this infection to uncooked garbage. Consequently the 
majority of cases of human trichinosis must be indirectly due to this cause 
also. This conclusion is strengthened by the fact that (where such com- 
parisons have been made) garbage infections are heavier than the others. 


However, it would seem that there remains a residue of about 1% which 
is not due to garbage and the origin of which is still obscure. 
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PARASITES OF FRESHWATER FISH 


I. INTERNAL TREMATODES OF COMMERCIAL FISH IN THE 
CENTRAL ST. LAWRENCE WATERSHED! 


By L. L. Lyster? 


Abstract 


Sixteen species of trematodes from ten species of fish are discussed. Ptycho- 
gonimus fontanus sp. nov. from Perca flavescens is described. 


Introduction 


Though Stafford (16) studied parasites of hosts from eastern Canada, and 
many American authors have dealt with the subject of fish parasites in 
comparable climatic regions, internal parasitism in freshwater fish in Quebec 
has never been investigated exhaustively. The series that this paper intro- 
duces is planned to add to existing knowledge of distribution, and to host and 
parasite records. 

The fish dealt with here are those supplying the inland fisheries of the 
province. The material came partly from the spirit-preserved collection of 
the Institute of Parasitology, partly through fish merchants in Montreal, and 
partly from fish caught for the purpose during the summers of 1937 and 1938. 
Most of the hosts reported were taken at the confluence of the Ottawa and 
St. Lawrence Rivers or in Lake St. Louis. A host that does not appear in 
our lists was also examined: 7.e., Cyprinus carpio; examination of 200 viscera 
showed no internal trematodes, though freedom from such parasites does not 
seem an anticipated condition for these fish. Our collections were made in 
October 1937, and some seasonal factor may have been involved. 

The systematic names of fish appearing here are those used by Hubbs (9). 


Species Recovered 
FAMILY BUCEPHALIDAE Poche, 1907 


Bucephalopsis pusilla Stafford, 1904 


Host: Stizostedion vitreum 
The specimens were slightly larger than those described by Van Cleave and 
Mueller (18), being about 0.25 K 0.8 mm. when mounted, but other features 
were typical: ventral sucker 0.040 X 0.048 mm. and cephalic sucker (ex- 
serted in some slides and retracted in others), about 0.112 mm. in both 
diameters, gastric element 0.16 X 0.22 mm., median and dorsal to the ventral 
sucker through which the short oesophagus opens; ovary ventral to it and 
displaced to the side; oviduct loops anteriorly and joins genital pore in the 

1 Manuscript received April 18, 1939. 
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posterior third; testes spherical with margins entire, the anterior medial, 
caudad to the ovary and close to or in contact with it, the posterior lying 
obliquely; cirrus sac a prominent tubular structure lying along the right 
lateral margin of testes and opening posteriorly into the common genital pore; 
vitellaria composed of distinct bead-like structures antero-lateral to intestine 
joined by prominent tubes emptying into a common organ near anterior testis; 
the medio-terminal excretory pore is easily seen. 


FAMILY GORGODERIIDAE Looss, 1906 


Two forms were taken, from pike and a muskellunge respectively, that 
appeared to be typical members of the genus Phyllodistomum as discussed by 
Pearse (13) and classified by Holl (5), but were collected from the alimentary 
tract. As this genus is not normally an intestine dweller, we must conclude 
that these individuals are (i) ectopic forms or (ii) parasites of food-fishes of 
these predators. 

Phyllodistomum superbum Stafford, 1904 

Host: Esox lucius 


In this species the body outline is regular, widening to just behind the 
acetabulum, then narrowing slightly to the rounded tip; it is about 1.0 mm. 
in length and slightly more than 0.5 mm. at the widest point. Papillae-like 
corrugations occur in the cervical region lateral and anterior to the acetabulum, 
measuring about 0.03 X 0.001 mm. Oral sucker about 0.13 mm. in diameter, 
the cephalic region at this point measuring 0.30 mm.; no pharynx present and 
oesophagus very short or absent; wide sac-like crura extend posterior to 
testes; acetabulum prominent (approximately 0.2 mm. in diameter), lying 
in a medial central position; the large bladder-like cirrus sac, opening through 
the small post-crural genital pore, is anterior to the acetabulum. 

The lobed ovary lies well posterior to the acetabulum and displaced to 
the left. The anterior testis is transversely in line with it and the second 
testis directly posterior to it. Both are lobate and larger than the ovary. 
Vitelline glands are lobate pyriform structures close to anterior margins of the 
ovary and first testis. The uterus coils to the posterior end of the body, 
prominent intra-uterine eggs 0.023-0.027 XK 0.033-0.040 mm. in size being 
present. The excretory pore opens into a distinct median notch. 


Phyllodistomum staffordi Pearse, 1924 
Host: Esox masquinongy 


A single specimen was taken from the muskellunge. It is characterized by: 
narrow forebody, flat leaf-like hindbody, narrowest at anterior margin of 
acetabulum (0.37 mm.) and widest in region of anterior testis (0.72 mm.), 
about 0.89 mm. in length; acetabulum larger than oral sucker; short oeso- 
phagus present, but no pharynx; cirrus sac and genital pore as in superbum; 
testes, ovary, and vitellaria very much as in superbum but rotated and widely 
separated laterally; posterior testis close to body margin; intra-uterine eggs 
measured 0.023-0.030 X 0.033 mm.; no distinct median notch. 
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Fics. 1-5. 1. Phyllodistomum staffordi from Esox masquinongy. 2. Phyllodistomum 
superbum from Esox lucius. 3. Bucephalopsis pusilla from Stizostedion vitreum. 4. Vieto- 
soma parvum from Ictalurus punctatus. 5. Crepidostomum cornutum from Ambloplites 
rupestris. 
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FAMILY PLAGIORCHIIDAE Liihe, 1901 


Vietosoma parvum Van Cleave & Mueller, 1932 
Host: Ictalurus punctatus 


A single minute fluke from the stomach of a channel catfish belonged to 
this species. Little can be added from this specimen to the authors’ descrip- 
tion. The only variation was in the extent of the seminal vesicle, which is 
much larger than shown by Van Cleave and Mueller (18). It extends from 
a point level with the anterior margin of the rearmost testis dorsal to the 
acetabulum and well anterior to it, then bends backwards and down to the 
ventral surface, where it joins the genital pore on the left anterior margin 
of the ventral sucker. A single small ovoidal structure ventral to the right 
crura and anterior to the vesicle seemed to be the ovary. Whether further 
follicles were obscured by the vesicle or whether this represented the entire 
structure is in doubt, although appearances are in favour of the latter view. 
Two smooth-margined testes are conspicuous, slightly oblique to each other. 
The uterus reaches the posterior limit of the body, where an egg sac is formed. 
No prepharynx could be seen. The suckers, crura, and vitellaria all follow 
closely the original description, and the shape and size and superficial appear- 
ance are so nearly identical with published descriptions of parvum, that, in 
spite of what seem considerable variations in the genital complex, the specimen 
must be assigned to this species. 


FAMILY ALLOCREADIIDAE Looss, 1900 


Crepidostomum lintoni Pratt, 1901 (in Linton) 
Host: Actpenser fulvescens 


This species, the only trematode found in the sturgeon, was present in great 
numbers. This is a small lanceolate fluke, usually under 1 mm. in length 
and about 0.3 mm. wide, with prominent oral papillae and a large oral sucker: 
Prepharynx absent, pharynx ovoidal, and approximately one-fifth the oral 
sucker in longitudinal diameter followed by distinct oesophagus; crura widen 
shortly after caecal fork, passing within short distance of the end of the body; 
genital pore median, close behind caecal fork. Ventral sucker in anterior half 
of body, or medial, and smaller than oral sucker. Ovary pear-shaped and 
lobed left of and well behind acetabulum, testes slightly lobed, close together, 
tandem or somewhat oblique and posterior to ovary. Vitellaria rise anterior 
to pharynx and lie laterally or dorsally along body, meeting at terminal mid- 
line. Broad flat muscular cirrus sac reaches posterior margin of acetabulum 
and contains prominent cirrus; uterus reaches anterior to testes or less. 


Crepidostomum cornutum Osborn, 1903 
Hosts: Ambloplites rupestris 
Micropteres dolomieu 


These are medium to small forms, roughly rectangular in outline, and length 
two to six times the width. Oral sucker large, 3 to 4 times the acetabulum, 
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and equipped with prominent lateral papillae; oesophagus thin-walled; cirrus 
sac prominent, S-shaped and reaching to ovary. Genital pore and acetabulum 
close behind intestinal division; ovary ovoidal or spherical, sometimes pro- 
jecting dorsal to acetabulum, always close to it. These organs lie within 
first half of the body. Two spherical testes occupy remainder. Testes usually 
very prominent but may be greatly reduced or even absent. Uterus turns 
back as far as posterior testis or less and passes dorsally or right of acetabulum. 
Caecae rise close behind pharynx and extend to posterior region of body; 
vitellaria lie laterally from pharyngeal area to end of body. 


Crepidostomum cooperi Hopkins, 1931 


Hosts: Micropterus dolomieu 
Perca flavescens 

This form shows variation in gross anatomy within the same host. Some 
are roughly diamond-shaped, widest in the region of the ovary with an anterior 
expansion to accommodate the oral sucker, 0.2—-0.3 mm. in diameter with 
six papillae of relatively uniform size, others are rectangular. 

The oral sucker is followed by pharynx, medium in size, and thin-walled 
oesophagus. Caecae may terminate at about the third quarter of the body 
length, or continue to within a short distance of posterior limit. Ventral 
sucker about equal in size or larger than the oral sucker except when con- 
traction makes the former appear smaller; it is about its own diameter behind 
the pharynx, and the oesophagus may be slightly looped to accommodate it. 
It is often slightly displaced laterally. Genital pore lies close between aceta- 
bulum and crural division. Cirrus sac extends posteriorly, dorsal and some- 
times lateral to ventral sucker as far as ovary at least. The ovary lies close 
to acetabulum and slightly to the right, overlapping it in many cases. A 
seminal receptacle is prominent medial to it. 

These organs occupy about half the body. Two large prominent testes, 
invariably present, regularly spherical or only slightly lobed in outline, are 
tandem and fill most of remaining portion. Vitelline glands extend along the 
lateral margins from oesophagus to posterior end of body, often filling in area 
behind testes. Uterus, containing a few large ovoidal eggs, extends posteriorly 
to anterior testes. Distinct specimens in author’s collection conform to 
Hopkins’ (6) description of C. ambloplitis, others to that of C. cooperi. How- 
ever, intermediate forms make differentiation of these species impossible and 
the terms must be considered synonymous. This supports the assertion 
made by Van Cleave and Mueller (18), who described the single species 
C. solidum and later noted the svnonymity of their species and those of 
Hopkins. The name cooperi, therefore, has been retained as the valid species 
indication, with ambloplitis and solidum reduced to synonymity. 


Crepidostomum ictaluri Surber, 1928 
Host: Ictalurus punctatus 


These are typically short thick forms, slightly lanceolate, about 0.96-1.2 X 
0.37-0.5 mm.; large hexapapillate oral sucker, short prepharynx, barrel- 
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Fics. 6-10. 6. Crepidostomum ictaluri from Ictalurus punctatus. 7. Crepidostomum 
lintoni from Acipenser fulvescens. 8. Crepidostomum brevivitellum from Angutlla rostrata. 


9. Crepidostomum cooperi from Perca flavescens. 
scens. 


10. Bunodera sacculata from Perca flave- 
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shaped pharynx, and short oesophagus present. Caecae extend to posterior 
part of the body. Acetabulum at least equal to and sometimes larger than 
oral sucker, occupies central position in body some distance behind crural 
bifurcation. Genital pore just behind the caecal fork. Cirrus sac extends 
posteriorly, dorsal to the acetabulum as far as caudal margin of ovary; ovary 
pear-shaped and situated postero-lateral to ventral sucker; seminal receptacle 
medial and dorsal. The large testes are markedly lobed to the extent that 
they may appear to be four distinct organs. However, in the slides that were 
examined the bi-testicular condition was very clear and the division of the 
organs recognizable as a medial constriction, rather than forming the ‘‘four 
testes’’ described by Walz (20). In several very small and apparently young 
forms the posterior quarter was medially free of organs, probably to be filled 
by the developing adolescaria, while the two immature testes, when present, 
were entire, removing any doubt as to the fundamental nature of these organs. 
The factor on which Surber (17) based his genus Megalogonia is, therefore, 
considered here as of specific significance only. 


Crepidostomum brevivitellum Hopkins, 1934 

Host: Anguilla rostrata 

These are elongate, narrow flukes, uniform in width throughout or tapering 
slightly from region of intestinal bifurcation; oral sucker with simple papillae, 
lateral members slightly longer than leaf-like dorsal ones. Pharynx ovoidal 
or globular. Oesophagus conspicuous. Intestinal crura extend behind 
posterior testis, but not to extremity of body. Acetabulum slightly ovoid, 
smaller than complete oral sucker. Ovary margin entire, globular, medial, 
well behind acetabulum. Prominent seminal receptacle globular or ovoid 
to right and near ovary and dorsal to it, usually in contact with ovary and 
anterior to first testis by, at least, its own diameter. Two testes, margin 
entire, globular, medial and tandem, anterior to tip of body by at least one 
diameter. Anterior testis well in front of posterior. Vitellaria occupy 
lateral area from a point in line with posterior margin of acetabulum to near 
tip of body, surrounding crura and extending into inter-crural area dorsally 
and meeting at midline behind testes. Cirrus sac thin-walled and curved; 
common genital opening lies close to anterior margin of acetabulum. Uterus 
fills space between anterior testis and acetabulum, containing 23 to 100 eggs. 

These specimens have a shorter cirrus sac than is described for the species. 
It rarely passes much beyond the acetabulum. In this respect they are similar 
to the C. latum of Pigulewsky (14), but in extent of the excretory bladder and 
relative positions of the seminal vesicle and ovary they are identical with 
C. brevivitellum. 

In some organs in the present material, measurements vary from those of 
the original description. As this is the first record confirming Hopkin’ s (8) 
report of the species, measurements are listed here in detail. 


Oral sucker 0.26 — 0.3 mm. diameter 
Pharynx 0.11 — 0.14 mm. longitudinal diameter 
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Oesophagus 0.18 — 0.2 mm. lateral diameter 
Acetabulum 0.19 — 0.22 mm. longitudinal diameter 
0.22 — 0.26 mm. lateral diameter 
Ovary 0.09 — 0.11 mm. diameter 
Receptacle 0.07 — 0.15 mm. greatest diameter 
0.26 — 0.34 mm. length 
Anterior testis 0.24 — 0.3. mm. longitudinal diameter 
0.26 — 0.34 mm. lateral diameter 
Posterior testis 0.22 — 0.26 mm. longitudinal diameter 
0.32 — 0.37 mm. lateral diameter 
Eggs 0.042 mm. diameter 
0.056 — 0.07 mm. length 
Vitelline follicles 0.03 K 0.04 — 0.07 mm. 
Body 0.41 — 0.5 mm. breadth 
2.7 -— 3.12 mm. length 


Bunodera sacculata Van Cleave & Mueller, 1932 
Host: Perca flavescens 


These small sac-like flukes measure approximately 1.0 XK 0.5 mm. Oral 
sucker equipped with six non-prominent papillae; pharynx and small, but 
extended, oesophagus present; intestinal crura extending to region of posterior 
testes; vitellaria occupying very much the same position; the genital pore 
medial and ventral to caecal fork; short, broad cirrus sac extends lateral and 
dorsal to acetabulum and terminates only slightly, if at all, posterior to it. 


Ventral sucker (lying close behind the crural fork in a medial or slightly 
laevad position) approximately equal in size to the oral sucker; smooth- 
margined ovary more or less medial and close to acetabulum or overlapping 
its posterior area. Anterior testis usually lies near right posterior margin 
of the ovary with medial seminal receptacle; posterior testis near left margin 
of body widely separated from other genital organs. The remaining and 
widest part of the body is taken up by the uterus, filled with numbers of 
prominent eggs. Lateral examination of a mature specimen shows that the 
increase in size is carried ventrally as well as transversely to make the posterior 
part of the animal an egg sac which increases its capacity as the uterus fills. 


5. FAMILY HETEROPHYIDAE, Odhner, 1914 


Centrovarium lobotes MacCallum 
Hosts: Esox lucius 
Ameirus nebulosus 
Ambloplites rupestris 
Stizostedion vitreum 


Adult specimens were taken from the first three hosts listed and fragments 
were collected from the last. The degeneration that is characteristic of adults 
of these flukes was marked in all specimens. In a small individual from the 
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Fics. 11-16. 11. Centrovarium lobotes from Stizostedion vitreum (oesophagus turned 
ventral). 12. Clinostomum complanatum (larval). 13. Acetodextra amiura from Ameirus 
nebulosus. 14. Ptychogonimus fontanus from Perca flavescens. 15. Asygia longa from Esox 
lucius. 16. Posthodiplostomum minimum (larval) from Ambloplites rupestris. 
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pickerel the ovary had retained its typical rosettiform appearance. The fluke 
is regularly oval in outline, tapering slightly at both ends. The oral sucker is 
of medium to small size; prepharynx, short pharynx, and oesophagus present; 
caeca extend posteriorly to a point just cephalad of the ovary; vitellaria of 
loosely arranged follicles lateral, but may meet in midline, from anterior 
extremity in line with crural fork they reach only slightly posterior to the 
ovary. Ventral sucker, roughly equal in size to the oral sucker, about twice 
its diameter, behind crural furcation. Ovary very prominent, at least twice 
acetabulum in diameter; it is circular and very lobate in outline with a central 
dense portion, and equipped with a very prominent seminal vesicle that extends 
from region of the genital pore laterally and well behind the acetabulum. 
Uterus large, convoluted, filling caudal half of the body with numerous eggs. 
Large dorsal excretory sac usually prominent. In smaller forms, no testes 
observed; where present, anterior testis close to or directly dorsal to ovary, 
smoothly margined and comparable in size to acetabulum. A second testis 
was never present. In large specimens from both major hosts the vitellaria 
were often absent and the ovary much reduced. 


Acetodextra amiura (Stafford 1900) Pearse, 1924 
Host: Ameirus nebulosus 


Many trematodes referable to the genus Acetodexira were taken from the 
swim bladder of common bullheads. This parasite has been the cause of 
considerable difficulty with experimental bullheads in this laboratory, where 
it has caused the death of the fish whenever present in any numbers. It seems 
to be limited entirely to the bullhead for adult development, no doubt owing 
to the external opening of the swim bladder of this fish in adult life, and, its 
pathogenicity established, an economic application is apparent whereby the 
bullhead population might be limited in hatchery water, game-fish pools, 
spawning beds, etc. 

In spite of its somewhat unique organization, it is included here as a Hetero- 
phyid on the authority of Mueller and Van Cleave (12). 

The flukes are widest terminally, tapering to the oral sucker; body 0.19 
0.23 mm. in greatest measurement, with very delicate non-spined cuticle. 
Most organs were obscured by the operculate eggs, 0.004 X 0.006 mm., 
bearing a small terminal protruberance, and many of the details noted were 
found by dissection (measurements given here are for a single specimen). 
Ovary a composite organ of many small follicles in a petalose arrangement; 
two testes in rear portion of body, set in a deeply staining tissue that fills the 
latter part of the body and is divided by a terminal invagination of the body, 
giving the appearance of two very large testes, which after dissection showed 
two denser globular structures that were interpreted as the true testes; 
vitellaria extend in scattered compact clumps from level of intestinal bifurca- 
tion to terminal area, a collecting tubule running internally at ovary level; 
crura large, rising just anterior to the ventral sucker, a weak organ 0.06 mm. 
in diameter; oral sucker stronger but smaller, 0.02 X 0.016 mm., bearing 
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spines; no prepharynx was noted; pharynx 0.01 mm. long; oesophagus present; 
seminal receptacle lateral and posterior to the ovary; seminal vesicle, a tubular 
structure, dorsal of ovary; gonotyl and genital pore lie just anterior to aceta- 
bulum. 

FAMILY CLINOSTOMIDAE, Liihe, 1901 


Larval specimens of the genus Clinostomum were taken from several hosts. 
They were encountered in the intestinal tracts of perch, rock and small- 
mouthed bass, and pike. None showed evidence of having reached the adult 
stage. They were also found as cysts in the gills, gill covers, mouth, and 
flesh of these fish. It is perhaps worthy of note in this connection that though 
the adult parasite is extremely common in the Great Blue Heron in this 
district, and the metacercaria is of frequent occurrence, no cercariae were 
obtainable from hundreds of Helisomas examined. 

All the specimens belonged to the species complanatum, discussed by Van 
Cleave and Mueller (19) under the specific name marginatum Rudolphi 1819, 
following the classification of Price (15). 


Clinostomum complanatum, Braun, 1814 
Hosts: Ambloplites rupestris 
Esox lucitus 
Micropterus dolomieu 
Perca flavescens 
These linguiform flukes are very muscular. The only readily distinguish- 
able features are the oral sucker set-in its deep collar, the large strong aceta- 
bulum, and the two tandem testes in the posterior half of the body. These 
testes are roughly triangular with apices distal and are considerably lobed. 
The convoluted crura rise from a short oesophagus at the base of the oral cup 
and almost meet near the end of the body. Midway between the testes lies 
the small ovary. Traces of the developing uterine sac are to be seen running 
from the anterior testis toward the acetabulum and often coming in contact 
with it. 
FAMILY STRIGEIDAE Railliet, 1919 


Genus Posthodiplostomum Dubois, 1936 
Encysted metacercaria belonging to this genus were found frequently during 
this survey. Rock bass and small-mouthed black bass almost invariably 
carry the parasite in the liver, and in addition they have been found in the 
swim bladder of these fish, as well as excysted in the intestine. In the latter 
case no typically adult structures were noted in any instance. All were 
assignable to the single species, Posthodiplostomum minimum. 


Posthodiplostomum minimum (MacCallum, 1921) Dubois, 1936 
Hosts: AJicropterus dolomieu 
Ambloplitis rupestris 
The body is divided typically into a fore- and hind-part. The strongly 
muscled fore-body bears the oral sucker, acetabulum, holdfast gland, and the 
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faintly discernable crura which rise close behind the oral sucker. A pharynx 
is sometimes traced. The rear-body contains the developing gonads. The 
metacercaria lie slightly curled in a generous ovoidal or globular cyst. Two 
specimens from the liver of a rock bass were at least twice as large as other 
specimens. The body differentiation was not as marked as is usual, but in 
neither case were there apparent characters of specific importance. 


Formerly known as “‘ Neascus vancleavei’’ (Agesborg) Hughes, this form has 
been shown by Ferguson (4) to be the metacercaria of P. minimum. Dubois (2) 
limits the generic designation Neascus to the larval stage of the sub-subfamily, 
Crassiphialini. In his monograph (3) he uses the name of the genus he 
established by dividing Neodiplostomum Railliet, to designate this form, i.e., 
Posthodiplostomulum. 


FAMILY AzyGuIDAE Odhner, 1911 


Several forms taken from eels and one form from a pike were clearly members 
of the family, Azygiidae, as defined by Manter (10). There was great diversity 
of body form and structures, but intermediate similarities justify their con- 
sideration as a single genus and species. 


Azygia longa Leidy, 1851 


Hosts: Anguilla rostrata 
Esox lucius 


The single specimen from the pike most closely resembles typical longa in 
superficial appearance. Body long and attenuate, suckers very prominent, 
oviduct extensive and conspicuous. All features typical: oral sucker 0.68 X 
0.64 mm.; body 12.8 XK 0.64 mm. with greatest width at level of acetabulum 
and just posterior to termination of vitellaria; spherical pharynx about 
half diameter of oral sucker, oesophagus short and deflected dorsally; crura 
extending to posterior margin of body; ventral sucker terminal to first quarter 
of body length and approximately equal in diameter to oral sucker; muscular 
and prominent genital pore only slightly anterior to this sucker and equal 
in diameter to or slightly less than the pharynx, the conspicuous genital sinus 
emptying through it; anterior vitellarian follicles 0.23 mm. behind the acet- 
abulum to within 0.88 mm. of posterior end of body; testes medial and tandem 
separated by approximately their own diameter or less and 2.3 mm. from the 
posterior end. 


Longer, wider specimens were taken from eels. Some of these could justi- 
fiably have been placed in the species angusticauda, following the description 
and figures of Van Cleave and Mueller (19), but no clear differentiation was 
possible from other forms that were obviously Jonga. Some measurements 
are given in Table I to indicate size and structure placement. The necessity 
for separation of these two species seems to be questionable. 
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TABLE I 
MEASUREMENTS OF SPECIMENS OF A sygia longa, IN MILLIMETRES 
Vi 
Specimen | Testes Ovary 
acetabulum, Length | Behind | anterior anterior 
| sucker acetabulum | to tip to testes 
| 
1 4.8 | 1.36 0.16 3.3 0 
7 1.6 12.4 1.6 0.08 | 21.72 3.68 0 
4 DY 3 | 12.8 1.04 0.4 z 5.6 0.16 
9 1.6 12.2 1.28 0.16 1.12 a2 0.61 


FAMILY PTYCHOGONOMIDAE, Dolfuss, 1937 


Three specimens taken from the stomachs of three otherwise parasite-free 
yellow perch from Lake Commandant were not referable to any family pre- 
viously recorded from Percidae. They were adult and egg-bearing, and as 
the perch, after capture, had been kept in a controlled tank for several weeks 
prior to killing, we may conclude that these fish were suitable hosts, in spite 
of the small infection. 

The flukes were heavily muscled and filled with large eggs. Because of this, 
examination was difficult, but they are identifiable as members of the genus 
Ptychogonimus. Previously this genus has not been represented in freshwater 
collections and has been limited to a single species megastomum, found most 
frequently in sharks. However, the closely related family Azygiidae, from 
which this family has been separated because it has developed a functional 
anus (1), is known to occur in both freshwater and ocean fish (10). 

Apart from the host and habitat differences, the present form varies in 
having oblique testes, while P. megastomum has tandem testes. Though 
otherwise very like the salt-water form, it is justifiable to consider this as 
representing a new species. The designation Ptychogonimus fontanus sp. 
nov. is proposed for it. 


Ptychogonimus fontanus sp, nov. 


Host: Perca flavescens 

The specimens are markedly contracted, being only slightly over 1.0 — 1.5 
mm. long and about 0.5 mm. in width. Oral sucker subterminal, strongly 
muscled, about 0.25 mm. in maximum diameter; prepharynx short, not 
extending beyond caudal-edged sucker; pharynx goblet-shaped, large and 
strong, about 0.14 mm. long; no oesophagus; intestinal crura leave pharynx 
directly, pass anteriorly to oral sucker, then turn and run posteriorly to the 
terminal area of the body, where they are in contact with the excretory bladder 
and probably open into it. Genital opening within large sucker-like sinus in 
line with and slightly left of pharynx, anterior to acetabulum, provided with 
ejaculatory duct and seminal vesicle. Acetabulum large, 0.196 X 0.235 mm., 
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strong concentric muscles. Oral sucker, pharynx, genital sinus, and aceta- 
bulum closely crowded together. Ovary and most of testes obscured by egg- 
filled uterus, which reaches posteriorly midway down testes and passes left 
and behind acetabulum to genital pore; two testes, strongly oblique, close 
together near end of body; entire, transversely ovoid; ovary entire, only 
slightly anterior to testes; intra-uterine eggs numerous, yellow, varying in 
size and shape but typically a broad oval about 0.0056 x 0.0035 mm. 
Vitellarian follicles separate, pyriform or oval, lateral from midline of aceta- 
bulum to posterior margin of posterior testis, extending dorsally toward mid- 
line at this point and around common vitelline duct at level of ovary. 
Excretory sac intercrural at posterior limit, communicating with exterior by 
tube through musculature and in close association with crura. Longitudinal 
muscle bands complete, distinct; transverse muscles not distinct. The cuticle 


is provided throughout with many granulosities without apparent arrange- 
ment. 


Host Parasite List 


Acipenser fulvescens 


Esox masquinongy 
Crepidostomum lintoni 


Phyllodistomum staffordi 


Ambloplites rupestris 
Crepidostomum cornutum 
Centrovarium lobotes 
Clinostomum complanatum 
Posthodiplostomum minimum 


Ictalurus punctatus 
Crepidostomum ictaluri 
Vietosoma parvum 


Micropterus dolomieu 


Ameirus nebulosus 
Acetodextra amiura 
Centrovarium lobotes 


Anguilla rostrata 
Azygia longa 
Crepidostomum brevivitellum 


Esox lucius 
Azygia longa 
Centrovarium lobotes 
Phyllodistomum superbum 
Clinostomum complanatum 


Clinostomum complanatum 
Crepidostomum cornatum 
Posthodiplostomum minimum 


Perca flavescens 
Crepidostomum cooperi 
Bunodera sacculata 
Clinostomum complanatum 
Ptychogonimus fontanus 


Stizostedion vitreum 
Centrovarium lobotes 
Bucephalopsis pusilla 
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